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1
SYSTEM AND METHOD FOR
CONTROLLING LDC VOLTAGE OF HYBRID
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. § 119(a) the
benefit of Korean Patent Application No. 10-2015-0088269
filed on Jun. 22, 2015, the entire contents of which are
incorporated herein by reference.

BACKGROUND

(a) Technical Field

The present invention relates to a system and method for
controlling a low-voltage DC-DC converter (LDC) voltage
of a hybrid vehicle, and more particularly, to a system and
method for controlling an LDC voltage of a hybrid vehicle,
in which an output voltage of the LDC is optimally adjusted
during driving of the vehicle, thereby improving fuel effi-
ciency.

(b) Background Art

In general, a low-voltage DC-DC converter (LDC)
mounted within a hybrid vehicle charges an auxiliary battery
by converting a high-voltage direct-current (DC) voltage
output from a high-voltage battery into a low-voltage DC
voltage and monitors electric field loads of the vehicle, so

supply electricity suitable for a voltage used in each electric
field load.

SUMMARY

The present invention provides a system and method for
controlling a low-voltage DC-DC converter (LDC) voltage
of'a hybrid vehicle, in which whether the vehicle has entered
into a regenerative braking mode during driving of the
vehicle and whether the entry into the regenerative braking
mode has been released may be determined, to optimally
adjust the LDC voltage based on the driving mode into
which the vehicle enters, thereby improving fuel efficiency.

In one aspect, the present invention provides a method for
controlling an L.DC voltage of a hybrid vehicle, the method
may include: determining whether the hybrid vehicle is
driven in a regenerative braking mode; determining whether
a value of a state of charge (SOC) of an auxiliary battery is
equal to or greater than a first critical value set as a value
where it is unnecessary to charge the auxiliary battery during
the driving in the regenerative braking mode; and when the
SOC of the auxiliary battery is equal to or greater than the
set first critical value, switching the driving mode of the
vehicle from the regenerative braking mode to an electric
vehicle (EV) mode, and variably adjusting an LDC target
voltage in the EV mode.

In an exemplary embodiment, when a regenerative brak-
ing on time for which the regenerative braking mode is
maintained in the state in which the value of the SOC of the
auxiliary battery is equal to or greater than the first critical
value is equal to or greater than a predetermined second
critical value, the driving mode of the vehicle may be
switched from the regenerative braking mode to the EV
mode to delay the entry into the EV mode. When the
regenerative braking on time is less than the predetermined
second critical value, the LDC target voltage may be vari-
ably adjusted in the regenerative braking mode until it
reaches the second critical value.
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In another exemplary embodiment, the LDC target volt-
age may be variably adjusted in the EV mode during a
regenerative braking off time for which the entry into the EV
mode is maintained, and when the regenerative braking off
time is equal to or greater than a predetermined third critical
value, the driving mode of the vehicle may be switched from
the EV mode to the regenerative braking mode. When the
regenerative braking on time for which the regenerative
braking mode is maintained in the state in which the SOC of
the auxiliary battery is equal to or greater than the first
critical value is less than the predetermined second critical
value, the LDC target voltage may be variably adjusted in
the regenerative braking mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described in detail with reference to exemplary
embodiments thereof illustrated the accompanying drawings
which are given hereinbelow by way of illustration only, and
thus are not limitative of the present invention, and wherein:

FIG. 1 is a diagram illustrating driving modes for variable
voltage control of a low-voltage DC-DC converter (LDC) of
a hybrid vehicle and an energy flow for each driving mode
according to the related art;

FIG. 2 is a diagram illustrating a flow for voltage control
of the LDC according to the related art;

FIG. 3 is a diagram illustrating an energy flow based on
an LDC output in a regenerative braking mode of a hybrid
vehicle according to the related art; and

FIG. 4 is a flowchart illustrating a method for controlling
an LDC voltage of the hybrid vehicle according to an
exemplary embodiment of the present invention.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various features illustrative of the basic
principles of the invention. The specific design features of
the present invention as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particular intended
application and use environment. In the figures, reference
numbers refer to the same or equivalent parts of the present
invention throughout the several figures of the drawing.

DETAILED DESCRIPTION

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two
or more sources of power, for example both gasoline-
powered and electric-powered vehicles.

Although exemplary embodiment is described as using a
plurality of units to perform the exemplary process, it is
understood that the exemplary processes may also be per-
formed by one or plurality of modules. Additionally, it is
understood that the term controller/control unit refers to a
hardware device that includes a memory and a processor.
The memory is configured to store the modules and the
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processor is specifically configured to execute said modules
to perform one or more processes which are described
further below.

Furthermore, control logic of the present invention may
be embodied as non-transitory computer readable media on
a computer readable medium containing executable program
instructions executed by a processor, controller/control unit
or the like. Examples of the computer readable mediums
include, but are not limited to, ROM, RAM, compact disc
(CD)-ROMs, magnetic tapes, floppy disks, flash drives,
smart cards and optical data storage devices. The computer
readable recording medium can also be distributed in net-
work coupled computer systems so that the computer read-
able media is stored and executed in a distributed fashion,
e.g., by a telematics server or a Controller Area Network
(CAN).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.

Hereinafter reference will now be made in detail to
various exemplary embodiments of the present invention,
examples of which are illustrated in the accompanying
drawings and described below. While the invention will be
described in conjunction with exemplary embodiments, it
will be understood that present description is not intended to
limit the invention to those exemplary embodiments. On the
contrary, the invention is intended to cover not only the
exemplary embodiments, but also various alternatives,
modifications, equivalents and other embodiments, which
may be included within the spirit and scope of the invention
as defined by the appended claims.

For helping the understanding of the present invention,
the terms “low-voltage DC-DC converter” and “LDC,”
which have the same meaning, among terms used in this
specification are used together.

In the related art, variable voltage control was performed
in an efficient voltage control method of the LDC. Accord-
ingly, a charging or discharging voltage of the LDC is
determined and output according to one of classified driving
modes (see FIG. 1). Charging voltage control of the LDC for
charging the auxiliary battery, etc. is performed when the
vehicle is driven in a regenerative braking mode, and
therefore, a reference is set for determining whether the
vehicle has entered into the regenerative braking mode and
whether the entry into the regenerative braking mode has
been released. The driving mode of the vehicle, used to
adjust a voltage of the LDC, may be classified into three
modes, i.e., an engine charging mode, a regenerative braking
mode, and an electric vehicle mode (EV mode). In particu-
lar, a method for controlling a voltage of the LDC according
to the related art will be described as follows.

FIG. 2 illustrates a flow for voltage control of the LDC.
In the voltage control of the LDC, a voltage command is
output to the LDC from a hybrid control unit (HCU) as a
controller mounted within the vehicle. The HCU is config-
ured to determine a driving mode of the vehicle among an
electric vehicle mode (EV mode), an engine charging mode,
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and a regenerative braking mode as shown in FIG. 2, based
on shift lever, fuel injection, vehicle speed, motor power,
accelerator pedaling amount, etc.

The HCU is then configured to select a command table for
LDC voltage commands based on information on a state of
charge (SOC) of the auxiliary battery and a temperature of
the auxiliary battery in addition to the determined driving
mode, and determine an LDC output voltage (e.g., target
voltage) through the selected command table, thereby per-
forming the voltage control. Specifically, the HCU is con-
figured to select a command table for voltage commands of
the LDC, based on a driving mode and information regard-
ing an SOC of the auxiliary battery.

The command table is previously generated based on
information regarding an SOC of the auxiliary battery and a
temperature of the auxiliary battery and then stored in the
HCU. Based on a driving mode and information regarding
an SOC of the auxiliary battery and a temperature of the
auxiliary battery, the command table is generated by con-
sidering an LDC minimum output, by considering an LDC
minimum target voltage for charging, by considering an
optimum efficiency for maintaining the SOC of a battery, by
considering an LDC optimum target voltage for charging, or
by considering the maximization of collection of regenera-
tive braking energy.

For example, in the command table, when the SOC of the
auxiliary battery is high, minimum voltage output control of
the LDC may be considered to minimize the charging
amount of the auxiliary battery in the EV mode and the
engine charging mode. When the SOC of the auxiliary
battery is low, voltage control of the LDC may be considered
to charge the auxiliary battery in the EV mode and the
engine charging mode, voltage control of the LDC may be
considered to maximize energy collection in the regenera-
tive braking mode. Thus, it may be possible to build a
differentiated strategy for the variable voltage control of the
LDC according to information received to the HCU. How-
ever, the above-described output voltage control of the LDC
has a problem in that the LDC outputs a charging voltage for
charging the auxiliary battery even when the SOC of the
auxiliary battery is sufficiently satisfactory after the vehicle
enters into the regenerative braking mode.

Furthermore, as shown in FIG. 3, since it is unnecessary
to charge the auxiliary battery when the SOC of the auxiliary
battery is satisfactory, when the LDC output voltage is
induced to decrease, regenerative braking energy as much as
LDC output loss caused by an unnecessary LDC output
(e.g., loss caused by driving of an electric field load of the
vehicle and charging of the auxiliary battery) is charged in
the high-voltage battery, thereby improving system effi-
ciency. Thus, in the present invention, when the SOC of the
auxiliary battery in a state in which the hybrid vehicle enters
into the regenerative braking mode among the driving
modes for variable voltage control of the LDC is equal to or
greater than a predetermined SOC which may be determined
to be sufficiently satisfactory, the driving mode may be
switched from the regenerative braking mode to the electric
vehicle mode (EV mode), thereby variably adjusting an
LDC target voltage (e.g., output voltage) in the electric
vehicle mode.

Referring to FIG. 4, a controller may be configured to
determine whether the hybrid vehicle is driven in the regen-
erative braking mode, i.e., whether the hybrid vehicle enters
into the regenerative braking mode. In response to deter-
mining that the hybrid vehicle has entered into the regen-
erative braking mode, the controller may be configured to
determine whether a value of the SOC of the auxiliary
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battery is equal to or greater than a critical value (e.g., first
critical value) set as a value where it is unnecessary to charge
the auxiliary battery during driving of the vehicle in the
regenerative braking mode. In particular, the first critical
value may be selected as a value where it is determined that
the SOC of the auxiliary battery is sufficiently satisfactory
through calibration, and hence it may be unnecessary to
charge the auxiliary battery. When a condition that the value
of'the SOC of'the auxiliary battery is equal to or greater than
the first critical value is satisfied, the regenerative braking
mode may be released and the driving mode may be
switched from the regenerative braking mode to the electric
vehicle mode, thereby variably adjusting the LDC target
voltage.

When the SOC of the auxiliary battery is less than the first
critical value, the LDC target voltage may be variably
adjusted using a command table for the LDC target voltage
in the regenerative braking mode. When the condition that
the value of the SOC of the auxiliary battery is equal to or
greater than the first critical value is satisfied, and hence the
driving mode is switched from the regenerative braking
mode to the electric vehicle mode, the controller may first be
configured to determine whether a time condition such as a
regenerative braking on time, a regenerative braking off
time, etc. is satisfied as a determination condition for vari-
ably controlling the LDC target voltage in the electric
vehicle mode, instead of the regenerative braking mode.

The regenerative braking on time is a time for which the
regenerative braking mode is maintained in the state in
which the value of the SOC of the auxiliary battery is equal
to or greater than the first critical value. The regenerative
braking off time is a time when the condition of the
generative braking on time is satisfied, and hence the state
in which the vehicle enters into the electric vehicle mode is
maintained. When the driving mode is switched as the
condition that the value of the SOC of the auxiliary battery
is equal to or greater than the first critical value, the
switching of the driving mode may be frequently made in a
specific condition. Accordingly, when the regenerative brak-
ing on time is equal to or greater than a predetermined
second critical value to delay the entry into the electric
vehicle mode when the condition that the value of the SOC
of the auxiliary battery is equal to or greater than the first
critical value is satisfied, the driving mode of the vehicle
may be switched from the regenerative braking mode to the
electric vehicle mode.

When the regenerative braking on time for maintaining
the regenerative braking mode in the state in which the value
of'the SOC of'the auxiliary battery is equal to or greater than
the first critical value is less than the predetermined second
critical value, i.e., when the entry into the electricity vehicle
mode is delayed, the LDC target voltage in the regenerative
braking mode may be variably adjusted until the regenera-
tive braking on time reaches the second critical value.

After the condition that the regenerative braking on time
is equal to or greater than the second critical value is
satisfied, and the vehicle enters into the electric vehicle
mode, the LDC target voltage may be variably adjusted in
the electric vehicle mode during the regenerative braking off
time. When a condition that the regenerative braking off
time is equal to or greater than a predetermined third critical
value is satisfied, the driving mode may be switched from
the electric vehicle mode to the regenerative braking mode,
to prevent deterioration of the durability performance of the
battery as the LDC target voltage is adjusted in the electric
vehicle mode for a substantial amount of time.
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When the condition that the regenerative braking off time
is equal to or greater than the third critical value is satisfied,
and the driving mode is switched from the electric vehicle
mode to the regenerative braking mode, the LDC target
voltage may be variably adjusted in the regenerative braking
mode. In particular, the regenerative braking on time and the
regenerative braking off time may be reset, which may be
counted by, for example, a timer within the HCU.

Further, a plurality of LDC target voltage command tables
selectable based on the driving mode of the vehicle and
information on the SOC of the auxiliary battery may be
generated and stored in the HCU (see FIG. 2). The LDC
target voltage may be determined and adjusted using an
LDC target voltage command table selected based on an
SOC of the auxiliary battery in the entry into the regenera-
tive braking mode or the electric vehicle mode among the
plurality of LDC target voltage command tables built as
described above. In other words, when the vehicle enters
into the electric vehicle mode to adjust the LDC target
voltage, the LDC target voltage may be adjusted using an
LDC target voltage command table for an LDC target
voltage command in the electric vehicle mode. When the
vehicle enters into the regenerative braking mode to adjust
the LDC target voltage, the LDC target voltage may be
adjusted using an LDC target voltage command table for an
LDC target voltage command in the regenerative braking
mode.

For reference, in the variable control of the LDC target
voltage as described above, the LDC target voltage in the
control of the LDC target voltage in the electric vehicle
mode may have a value set to an SOC in which the auxiliary
battery is maintained or discharged in a normal state, and the
LDC target voltage in the control of the LDC target voltage
in the regenerative braking mode may have a value set to an
SOC in which the auxiliary battery is rapidly charged.

As described above, in the present invention, the driving
mode of the vehicle may be switched from the regenerative
braking mode to the electric vehicle mode when the SOC of
the auxiliary battery is sufficiently satisfactory, and charging
of the auxiliary battery may be unnecessary. In particular,
the switching of the driving mode from the regenerative
braking mode to the electric vehicle mode indicates that,
charging of the auxiliary battery is unnecessary, the driving
mode may be switched from the regenerative braking mode
having a relatively highest charging efficiency of the auxil-
iary battery to the electric vehicle mode having a relatively
lowest charging efficiency of the auxiliary battery among the
three driving modes used to adjust the LDC target voltage,
thereby optimizing the control of LDC target voltage and
improving fuel efficiency.

In other words, in the present invention, charging of the
auxiliary battery is unnecessary, the driving mode may be
switched from the regenerative braking mode to the electric
vehicle mode, to optimally adjust the LDC output voltage
and improve fuel efficiency. For reference, the driving mode
for adjusting the LDC voltage may be generally determined
as one of three modes, i.e., an engine charging mode, a
regenerative braking mode, and an electric vehicle mode,
and the LDC target voltage may be variably adjusted using
a command table built based on conditions of a temperature
of the auxiliary battery and an SOC of the auxiliary battery
in each mode.

The engine charging mode is determined when fuel is
injected and simultaneously, the motor power satisfies
charging hysteresis, i.e., when fuel is injected and simulta-
neously, the motor power may be equal to or less than a
critical value. In the engine charging mode, the charging
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voltage of the auxiliary battery may be adjusted by the LDC.
Therefore, the charging path efficiency of the auxiliary
battery may be less than that in the regenerative braking
mode, and thus the charging efficiency of the auxiliary
battery may be low.

The regenerative braking mode may be determined when
the motor power and the vehicle speed satisfy a condition
that the vehicle enters into the regenerative braking mode in
a state in which an accelerator pedal sensor is turned off
(e.g., disengaged). In the regenerative braking mode, the
charging path efficiency of the auxiliary battery is high, and
thus the auxiliary battery may be charged.

The electric vehicle mode may be determined when the
motor power is equal to or greater than the critical value
which does not satisfy the charging hysteresis in a state in
which fuel is not injected or when the motor power and the
vehicle speed satisfy a condition that the vehicle enters into
the electric vehicle mode in a state in which the accelerator
pedal sensor is turned on (e.g., engaged). In the electric
vehicle mode, the auxiliary battery may not be charged by
the motor or the engine, and the power of the high-voltage
battery may be charged in the auxiliary battery by the
adjustment of the LDC voltage.

The invention has been described in detail with reference
to exemplary embodiments therecof. However, it will be
appreciated by those skilled in the art that changes may be
made in these exemplary embodiments without departing
from the principles and spirit of the invention, the scope of
which is defined in the appended claims and their equiva-
lents.

What is claimed is:

1. A method for controlling a low-voltage direct current-
direct current (DC-DC) converter (LDC) voltage of a hybrid
vehicle having a high-voltage battery and an auxiliary
battery separately, comprising:

determining, by a controller, whether the hybrid vehicle is

driven in a regenerative braking mode;

determining, by the controller, whether a value of a state

of charge (SOC) of the auxiliary battery is equal to or
greater than a first critical value set as a value charging
of the auxiliary battery is unnecessary during the driv-
ing in the regenerative braking mode; and

when the value of the SOC of the auxiliary battery is equal

to or greater than the set first critical value, switching,
by the controller, the driving mode of the vehicle from
the regenerative braking mode to an electric vehicle
(EV) mode, and variably adjusting an LDC target
voltage based on the voltage of the auxiliary battery in
the EV mode,

wherein the LDC target voltage is adjusted to be

decreased when the hybrid vehicle enters into the
regenerative braking mode in which the SOC the
auxiliary battery is equal to or greater than a predeter-
mined value.

2. The method of claim 1, wherein when a regenerative
braking on time for which the regenerative braking mode is
maintained in the state in which the SOC of the auxiliary
battery is equal to or greater than the first critical value is
equal to or greater than a predetermined second critical
value, the driving mode of the vehicle is switched from the
regenerative braking mode to the EV mode to delay the entry
into the EV mode.

3. The method of claim 1, wherein the LDC target voltage
is variably adjusted in the EV mode during a regenerative
braking off time for which the entry into the EV mode is
maintained, and when the regenerative braking off time is
equal to or greater than a predetermined third critical value,
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the driving mode of the vehicle is switched from the EV
mode to the regenerative braking mode.

4. The method of claim 1, wherein when the regenerative
braking on time for which the regenerative braking mode is
maintained in the state in which the value of the SOC of the
auxiliary battery is equal to or greater than the first critical
value is less than the predetermined second critical value,
the LDC target voltage is variably adjusted in the regenera-
tive braking mode.

5. A system for controlling a low-voltage direct current-
direct current (DC-DC) converter (LDC) voltage of a hybrid
vehicle having a high-voltage battery and an auxiliary
battery separately, comprising:

a memory configured to store program instructions; and

a processor configured to execute the program instruc-

tions, the program instructions when executed config-

ured to:

determine whether the hybrid vehicle is driven in a
regenerative braking mode;

determine whether a value of a state of charge (SOC)
of the auxiliary battery is equal to or greater than a
first critical value set as a value charging of the
auxiliary battery is unnecessary during the driving in
the regenerative braking mode; and

when the value of the SOC of the auxiliary battery is
equal to or greater than the set first critical value
switch the driving mode of the vehicle from the
regenerative braking mode to an electric vehicle
(EV) mode, and variably adjusting an LDC target
voltage based on the voltage of the auxiliary battery
in the EV mode,

wherein the LDC target voltage is adjusted to be
decreased when the hybrid vehicle enters into the
regenerative braking mode in which the SOC of the
auxiliary battery is equal to or greater than a prede-
termined value.

6. The system of claim 5, wherein when a regenerative
braking on time for which the regenerative braking mode is
maintained in the state in which the SOC of the auxiliary
battery is equal to or greater than the first critical value is
equal to or greater than a predetermined second critical
value, the driving mode of the vehicle is switched from the
regenerative braking mode to the EV mode to delay the entry
into the EV mode.

7. The system of claim 5, wherein the LDC target voltage
is variably adjusted in the EV mode during a regenerative
braking off time for which the entry into the EV mode is
maintained, and when the regenerative braking off time is
equal to or greater than a predetermined third critical value,
the driving mode of the vehicle is switched from the EV
mode to the regenerative braking mode.

8. The system of claim 5, wherein when the regenerative
braking on time for which the regenerative braking mode is
maintained in the state in which the value of the SOC of the
auxiliary battery is equal to or greater than the first critical
value is less than the predetermined second critical value,
the LDC target voltage is variably adjusted in the regenera-
tive braking mode.

9. A non-transitory computer readable medium containing
program instructions executed by a processor or controller,
the computer readable medium comprising:

program instructions that determine whether a hybrid

vehicle having a high-voltage battery and an auxiliary
battery separately is driven in a regenerative braking
mode;

program instructions that determine whether a value of a

state of charge (SOC) of an auxiliary battery is equal to
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or greater than a first critical value set as a value
charging of the auxiliary battery is unnecessary during
the driving in the regenerative braking mode; and

program instructions that when the value of the SOC of
the auxiliary battery is equal to or greater than the set
first critical value switch the driving mode of the
vehicle from the regenerative braking mode to an
electric vehicle (EV) mode, and variably adjusting a
low-voltage direct current-direct current converter
(LDC) target voltage based on the voltage of the
auxiliary battery in the EV mode,

wherein the LDC target voltage is adjusted to be

decreased when the hybrid vehicle enters into the
regenerative braking mode in which the SOC of the
auxiliary battery is equal to or greater than a predeter-
mined value.

10. The non-transitory computer readable medium of
claim 9, wherein when a regenerative braking on time for
which the regenerative braking mode is maintained in the
state in which the SOC of the auxiliary battery is equal to or
greater than the first critical value is equal to or greater than
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a predetermined second critical value, the driving mode of
the vehicle is switched from the regenerative braking mode
to the EV mode to delay the entry into the EV mode.

11. The non-transitory computer readable medium of
claim 9, wherein the LDC target voltage is variably adjusted
in the EV mode during a regenerative braking off time for
which the entry into the EV mode is maintained, and when
the regenerative braking off time is equal to or greater than
a predetermined third critical value, the driving mode of the
vehicle is switched from the EV mode to the regenerative
braking mode.

12. The non-transitory computer readable medium of
claim 9, wherein when the regenerative braking on time for
which the regenerative braking mode is maintained in the
state in which the value of the SOC of the auxiliary battery
is equal to or greater than the first critical value is less than
the predetermined second critical value, the LDC target
voltage is variably adjusted in the regenerative braking
mode.



